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ABSTRACT
Context. Many ultra diffuse galaxies (UDGs) have now been identified in clusters of galaxies. However, the number of nearby UDGs
suitable for detailed follow-up remain rare.
Aims. Our aim is to begin to identify UDGs in the environments of nearby bright early-type galaxies from the VEGAS survey.
Methods. Here we use a deep g band image of the NGC 5846 group, taken as part of the VEGAS survey, to search for UDGs.
Results. We found one object with properties of a UDG if it associated with the NGC 5846 group, which seems likely. The galaxy,
we name NGC 5846_UDG1, has an absolute magnitude of Mg = –14.2, corresponding to a stellar mass of ∼108 M. It also reveals a
system of compact sources which are likely globular clusters. Based on the number of globular clusters detected we estimate a halo
mass that is greater than 8×1010 M for UDG1.
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1. Introduction
Since the identification in 2015 of around 50 galaxies given the
name ‘ultra diffuse galaxies’ (UDGs) in the Coma cluster by van
Dokkum et al. (2015), we now know of hundreds of UDG can-
didates in the direction of the Coma cluster (Yagi et al. 2016).
Spectroscopic followup of some of these candidates reveals a
high fraction associated with the Coma cluster at a distance of
∼100 Mpc (Alabi et al. 2018). With a UDG defined to have an
effective radius Re > 1.5 kpc and a central g band surface bright-
ness µ0 > 24 mag. sq. arcsec, they have been found in the full
range of galactic environments from relative isolation (Martinez-
Delgado et al. 2016; Roman et al. 2019), to groups (Roman &
Trujillo 2016), to the richest clusters (Janssens et al. 2017). Fur-
ther studies have revealed that the abundance of UDGs scales
in a near-linear fashion with the halo mass of the group/cluster
(Mancera Pina et al. 2018), so that a 1013 M group would be
expected to host half a dozen to a dozen UDGs within its virial
radius.
The number of nearby (≤ 30 Mpc) UDGs in the literature is
still relatively small. Within the Local Group, the WLM dwarf
has a size and surface brightness consistent with that of a UDG
(e.g. see figure 6 of Greco et al. 2018). Additional nearby UDG
candidates, including those associated with the Cen A group
(distance = 3.5 Mpc) are listed by Rong et al. (2017). Recently,
Muller et al. (2018) identified 5 UDG candidates with effective
radii ≥ 1.5 kpc if associated with the Leo group (distance 10
Mpc). To date, there has been no published distance confirma-
tion for these UDG candidates. Trujillo et al. (2017) identified
one UDG (UGC 2162) in the M77 group, which is located at a
distance of 12 Mpc. Two UDGs (DF2 and DF4) have been asso-
ciated with the NGC 1052 group (distance ∼20 Mpc) based on
surface brightness fluctuations (see Blakeslee & Cantiello 2018
for a recent analysis) and both have been inferred to have little,
or no, dark matter (van Dokkum et al. 2019). However, the dis-
tance, and the claim for the paucity of dark matter, are the subject
of much debate in the literature (e.g. Trujillo et al. 2018). Merritt
et al. (2016) has identified 4 very diffuse UDGs (µ0 = 25.6−27.7
mag. sq. arcsec in the g band) associated with the giant elliptical
NGC 5845 (distance 27 Mpc). Finally, we note the work of Ven-
hola et al. (2017) who used OmegaCAM on VST to search for
UDGs in the Fornax cluster (distance = 20 Mpc, virial mass = 7
× 1013 M). They found 9 UDG candidates.
Here we report a UDG found in the deep imaging of the
NGC 5846 group as part of the VEGAS survey. Mahdavi et al.
(2005) noted that the NGC 5846 group is relatively isolated in
redshift space and is dominated by two large ellipticals: NGC
5846 (V = 1712 km/s, D = 25 ± 4 Mpc) and NGC 5813 (V =
1956 km/s, D = 32 ± 3 Mpc). The UDG is much closer in pro-
jection (21 arcmin) to NGC 5846 than NGC 5813, however we
can’t rule out association with the NGC 5813 subgroup. Nev-
ertheless, Mahdavi et al. concluded that NGC 5846 and NGC
5813 were at a "compatible distance". Galaxies in the NGC 5846
group have a range of 900 < cz < 2700 km/s with a peak around
1900 km/s. Given it is projected near the centre of the NGC
5846 group, we assume it belongs to the main group and have
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named it NGC 5846_UDG1, or UDG1 for short. The NGC 5846
group has a halo mass of 8 × 1013 M (Mahdavi et al. 2005).
After briefly describing the VEGAS survey, we present details
of UDG1. Throughout this paper we assume the same distance
to the NGC 5846 group as Spavone et al. (2017), i.e. 24.89 Mpc
from the SBF distance measurement of Tonry et al. (2001).
2. VEGAS Imaging
The ongoing VEGAS survey (http://www.na.astro.it/vegas) is
using OmegaCAM on the VST to image 100 bright nearby early-
type galaxies in a range of environments. The survey focuses on
both compact stellar systems in galaxy halos and the diffuse light
within galaxy halos. A data reduction pipeline, called VST-Tube
(Grado et al. 2012; Capaccioli et al. 2015), has been developed
to create image mosaics that optimise the detection of low sur-
face brightness features. The survey aims to obtain a systematic
depth of 27.3 mag. per arcsec2 with a S/N > 3 per arcsec2 in the
g band. For further details of the survey and examples of depths
reached see Capaccioli et al. (2015) and Spavone et al. (2017).
Dithered images of the NGC 5846 group were taken as part
of the VEGAS survey on 2015 June 4 under seeing conditions of
∼1 arcsec. Deep g band images were taken with a total exposure
time of 11250 sec. Shallower i band images (exposure time of
1650 sec) were also obtained but these images are not used for
UDG detection as they are too shallow to reveal any UDGs. The
multiple g band images were combined to give a final mosaic
image of 1×1 sq. degree (with 0.21 arcsec pixels). The final im-
age has a limiting surface brightness of 28.6 mag. per arcsec2 in
the g band (for a S/N ∼3 per arcsec2).
3. An Ultra Diffuse Galaxy in the NGC 5846 Group
The search for UDGs in the NGC 5846 group was conducted vi-
sually. Initially, the full 16K × 16K mosaic image was displayed
on a high resolution 4K × 4K device. The mosaic was then exam-
ined in subsections so that individual pixels were resolved. The
image was carefully examined visually for low surface bright-
ness, large objects of diameter of tens of pixels (corresponding
to several kpc at the distance of the NGC 5846 group). Although
we identified several small objects (such as dE,N galaxies) we
found only one low surface brightness, large object. An image
of this object is shown in Fig. 1.
This object appears to resemble an Ultra Diffuse Galaxy,
which we call UDG1. Also apparent in the image are a num-
ber of bright, compact objects which are concentrated around
the UDG. These are likely to be globular clusters, although one
of the brightest may be a nuclear star cluster (the galaxy centre
is poorly defined).
In order to measure the properties of UDG1 (and hence con-
firm its status as a UDG) we used the ellipse task within IRAF.
This task fits isophotes of constant surface brightness at ever in-
creasing radii. We fixed the centre to the bright star cluster near
the galaxy centre. Other star clusters were excluded from the
galaxy model using an iterative sigma clipping technique. Our
resulting model did not allow measurement of the galaxy ellip-
ticity or position angle due to the low surface brightness. How-
ever, the galaxy appears fairly circular with no obvious signs of
tidal interaction. We were able to derive a curve-of-growth style
total magnitude. Fitting the curve-of-growth beyond 2 arcsec, we
measure a total magnitude of mg = 18.0 ± 0.2 or Mg = –14. Cor-
recting for Galactic extinction of Ag = 0.16, this becomes Mg =
–14.2. From the VEGAS i band image, we estimate its global g–i
Table 1. NGC 5846_UDG1 Properties
Property Value
RA (J2000) 15:05:20
Dec (J2000) 01:48:47
mg (mag) 18.0 ± 0.2
Re (arcsec) 17.7 ± 0.5
g–i (mag) ∼1
µe (mag per sq. arsec) 26.0 ± 0.05
µ0 (mag per sq. arcsec) 24.8 ± 0.1
colour to be ∼1, i.e. quite red, suggestive of an old stellar popu-
lation with M/Lg ∼ 3 (Into & Portinari 2013). Its total luminosity
corresponds to a stellar mass of ∼ 108 M. The curve-of-growth
also allows us to estimate the radius that contains half of the total
light in a non-parametric way and we find Re = 12.5 ± 2 arcsec
(1.51 ± 0.24 kpc).
In Fig. 3 we show the surface brightness profile of the galaxy
in the g band. We have fit the profile with a Sersic function, again
excluding the central star clusters. We adopt the Sersic fit values
of n = 0.68, Re = 17.7 ± 0.5 arcsec (2.14 ± 0.06 kpc) and µe
= 26.0 mag. per sq. arcsec. We note that if UDG1 is associated
with NGC 5813 at a distance of 32 Mpc, then its size is closer
to 2.7 kpc. If located closer than 17.5 Mpc, the galaxy would no
longer be regarded as a UDG (as defined by Re > 1.5 kpc.) The
central surface brightness of the galaxy is difficult to estimate
due to the centrally located star cluster which dominates the pro-
file. However extrapolating the outer profile to the inner regions
we estimate µ0 = 24.8 mag. sq. arcsec in the g band. The size
and surface brightness at the effective radius (see Table 1) places
the galaxy in the UDG category.
After identifying UDG1 we found it was tabulated in the
NGC 5846 group catalog of Mahdavi et al. (2005) as galaxy
NGC 5846-156. They classified it as a “very low surface bright-
ness” galaxy and measured a total magnitude of MR = –14.41
and Re = 10.5 arcsec (1.3 kpc at an assumed distance of 24.89
Mpc). This identification occurred before the term ultra diffuse
galaxy had been coined and falls below the nominal size limit
of 1.5 kpc. It is not clear how they handled the compact sources
around UDG1 when measuring the total magnitude or the size of
the galaxy. We note that Mahdavi et al. (2005), in their 10 sq. deg
imaging survey, identified another ten sources as very low sur-
face brightness, but all of these sources have much smaller sizes
than UDGs and so may be considered as low surface brightness
dwarf galaxies (if they are indeed associated with the NGC 5846
group).
We identify 20 compact objects projected near UDG1. We
count up the objects within a region of 50 × 50 arcsec centred
on the galaxy. This area corresponds to roughly twice the galaxy
effective radius, which is typical of the GC systems of UDGs
studied to date (see Forbes 2017). The surface density distri-
bution of these sources within circular annuli about the galaxy
centre is shown in Fig. 2. The distribution falls off with radius,
which indicates that the sources (globular cluster candidates) are
physically associated with UDG1.
Using qphot within IRAF, we measure the magnitude of all
sources with sizes that are less than two times the seeing (in or-
der to exclude large background galaxies). Given that these com-
pact sources are fairly crowded in the central regions, we mea-
sure the magnitude in a small aperture (radius of 4 pixels) with
a local background subtraction and apply an aperture correction
based on measurements of a dozen isolated objects of similar
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Fig. 1. VEGAS image of UDG1. The image shows a 210×210 arcsec
g band image cutout of the larger VEGAS image, with North up and
East left. UDG1, and its system of globular clusters, can be seen at the
centre of the image. The centre of the NGC 5846 group is located to the
South-West.
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Fig. 2. Surface density distribution of globular cluster candidates within
a 50x50 arcsec box around UDG1. The surface density falls off with ra-
dius from the centre of the galaxy indicating that the sources are physi-
cally associated with UDG1.
brightness. The aperture correction to large radius is 0.63 ± 0.15.
This error dominates our photometric uncertainty. The coordi-
nates and total g band magnitudes for each compact source (i.e.
GC candidates) within a 50 × 50 arcsec area are listed in Table
2, including the central star cluster/nucleus GC9.
Three of the objects in Table 2 have SDSS measured magni-
tudes and colours, i.e GC16, GC9 and GC19. They have SDSS g
band magnitudes of 21.78, 22.25 and 23.36 respectively. GC16
has a colour of g-i = 1.24, which is very red for a GC and we sus-
pect it is a foreground star or background galaxy. The other two
have g-i ∼ 0.8 consistent with a GC. A few of the very brightest
sources can just be seen in the shallow VEGAS i band image of
the NGC 5846 group. From those sources we measure typical
colours of g–i ∼ 0.9, which are consistent with those of GCs.
In order to estimate the number of contaminants (e.g. back-
ground compact galaxies or foreground stars) which may be in-
cluded in our list of UDG1 GC candidates, we identify several
50 × 50 arcsec regions in the outskirts of the full mosaic image.
We estimate 3 ± 3 contaminant objects in our list of candidate
GCs. Thus subtracting 3 from our 20 GC candidates, we estimate
that 17 are bona fide GCs.
In Fig. 4 we show a histogram of the g band magnitudes
of the decected compact sources within 50 × 50 arcsec around
UDG1. The globular cluster luminosity function (GCLF) in non-
UDG dwarf galaxies can be well represented by a Gaussian log-
normal distribution. For example, Miller & Lotz (2007) found
Virgo dEs to have MV = –7.3 ± 0.1 with a Gaussian width of σ
= 1.2 ± 0.1. Similar values were found by Georgiev et al. (2009)
for local dwarf galaxies of various types. However, the GCLF
parameters for UDGs are currently have a wide range of pos-
sible values. Peng & Lim (2016) bravely fit a Gaussian to the
luminosity distribution of their dozen GCs in the Coma UDG
DF17, measuring MV = –7.37 ± 0.34 and σ = 0.76 ± 0.23. van
Dokkum et al. (2016) studied the richer GC system of DF44, also
in Coma, and showed that Gaussians of MV = –7.5 and σ = 1.2,
and MV = –7.2 and σ = 1.0 provided acceptable fits. In a later
paper, van Dokkum et al. (2017) found σ = 0.82 ± 0.16 to be the
best fit to the combined GCLF of DF44 and another Coma UDG
(DFX1). Given this large range of possible values for the width
of the GCLF for UDGs, and the unknown distance to UDG1
(needed to set the absolute magnitude of the GCLF peak), the to-
tal number of GCs associated with UDG1 is poorly constrained.
Here we prefer to quote the number of GCs detected, corrected
for background contamination (i.e 17), as a lower limit to the to-
tal GC system. We note that for an assumed distance of 24.89
Mpc, a Gaussian GCLF with MV = –7.3 would peak at V = 24.7
or g ∼ 25.1 (for V = g – 0.35; Capaccioli et al. 2015).
Again assuming V = g – 0.35, UDG1 has an extinction-
corrected V band magnitude of MV = –14.5 and the lower limit
on its globular cluster specific frequency is SN > 27. This is high
for a normal dwarf galaxy but not exceptional for a UDG (see
Lim et al. 2018; Amorisco et al. 2018). We have included the
central star cluster as a GC candidate in the above calculation,
however UDG1 may be a nucleated UDG which are quite com-
mon in the Coma cluster (Lim et al. 2018).
Burkert & Forbes (2019) have recently extended the GC-
halo mass scaling relation to lower masses, i.e. log Mh = 9.68
+ 1.01 log NGC , where Mh is the total halo mass in solar masses
and NGC the number of GCs. Assuming the relation is valid for
UDGs, our detection of at least 17 GCs implies log Mh > 10.92.
This halo mass lies between a dwarf galaxy and an L∗ galaxy like
the Milky Way. Future work on NGC 5846_UDG1 should in-
clude attempts to obtain both the stellar velocity dispersion and,
if possible, the radial velocities of individual GCs. Both of these
measures will give a dynamical mass and hence indicate whether
UDG1 resides in a massive dark matter halo as implied by its GC
counts.
4. Conclusions
Here we present the discovery of an ultra diffuse galaxy which
we assume to belong to the NGC 5846 group. We name this
object NGC 5846_UDG1. This galaxy was also present as the
very low surface brightness galaxy NGC 5846–156 in the cat-
alog of Mahdavi et al. (2005). They measured the magnitude
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Fig. 3. Surface brightness profile of UDG1 in the g band. Error bars
show the formal measurement uncertainty. The inner regions are domi-
nated by a bright compact source.
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Fig. 4. Histogram of g band magnitudes of compact objects associated
with UDG1. A Gaussian GCLF with MV = –7.3 would peak at V = 24.7
or g ∼ 25.1 for an assumed distance of 24.89 Mpc.
and size of the galaxy but did not discuss the compact star clus-
ters associated with it. At an assumed distance of ∼25 Mpc for
UDG1, we measure an effective radius of 2.1 kpc and a g band
surface brightness at the effective radius of µe = 26.0 mag. sq.
arcsec placing it in the UDG class. From the halo mass relation
of Mancera Pina et al. (2018) up to half a dozen more UDGs may
be expected to be found associated with the NGC 5846 group.
We find a number of compact sources that have magnitudes and
a spatial distribution consistent with being globular clusters asso-
ciated with UDG1. After statistically correcting for background
objects, we place a lower limit on the system to be 17 GCs (one
of which may be a central star cluster/nucleus). Our lower limit
on the GC system suggests a halo mass in excess of 8×1010 M.
This is in stark contrast to the galaxy’s stellar mass of ∼108 M.
Spectroscopic followup is required to confirm its membership of
the NGC 5846 group, measure its internal kinematics and stellar
population properties. We expect many more ultra diffuse galax-
Table 2. UDG1 Globular Cluster Candidate Magnitudes
Object RA Dec mg
(J2000) (J2000) (mag)
GC1 15:05:21.5 1:48:54.8 23.96
GC2 15:05:21.0 1:49:02.0 24.85
GC3 15:05:20.8 1:49:03.0 23.28
GC4 15:05:18.9 1:49:06.6 24.31
GC5 15:05:19.5 1:48:54.4 23.72
GC6 15:05:20.6 1:48:41.8 23.38
GC7 15:05:20.5 1:48:45.3 24.44
GC8 15:05:20.4 1:48:49.2 23.58
GC9 15:05:20.3 1:48:46.7 22.49
GC10 15:05:20.1 1:48:44.7 22.89
GC11 15:05:19.6 1:48:39.9 24.81
GC12 15:05:19.5 1:48:38.1 24.46
GC13 15:05:19.2 1:48:41.5 24.23
GC14 15:05:19.9 1:48:34.1 24.79
GC15 15:05:18.9 1:48:39.8 25.51
GC16 15:05:19.6 1:48:23.0 21.77
GC17 15:05:18.8 1:48:42.7 23.69
GC18 15:05:20.0 1:48:39.9 23.64
GC19 15:05:20.1 1:48:38.4 23.69
GC20 15:05:20.2 1:48:36.9 24.07
ies to be discovered in the deep and wide VEGAS survey images
of massive nearby early-type galaxies.
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